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with accelerated KOA), and 3) no KOA: no change in KL grade in either
knee. Among these three groups we identiﬁed knees with a self-
reported injury (see Figure 1). We also identiﬁed the 6 knees with
accelerated KOA, no injury in either knee, and progression from no KOA
to end-stage in less than 12 months. We hypothesized that these knees
experienced a knee injury that was not been reported by a participant.
All readings were completed by a single experienced fellowship-trained
musculoskeletal radiologist who was blinded to group assignment.
Results: Among the 34 knees, 62% were female, mean age 61 (SD ¼ 9)
years, and mean body mass index 28.4 (SD ¼ 4.9) kg/m2. Most knees,
regardless of group, had damage commonly associated with osteo-
arthritis despite having no radiographic KOA (e.g., anterior cruciate
ligament degeneration, fat pad edema, patellofemoral chondropathy).
Among the 10 knees with no KOA, the only incident ﬁnding after a
reported injury was a medial collateral ligament sprain. Three out of 10
knees with common KOA and injury had incident medial meniscal
pathology in the posterior horn with no-mild extrusion. A fourth knee
with common KOA had an incident medial collateral ligament sprain.
Among the 20 knees with no or common KOA and self-reported injury 8
(40%) had stable ﬁndings between the visit before and after a reported
injury. Among the 14 knees with accelerated KOA, regardless of self-
reported injury, 9 (64%) had incident medial meniscal pathology with
extrusion, 4 knees had incident meniscal pathology without extrusion
(2 lateral meniscal tears), 2 knees had subchondral fractures (both had
concurrent medial meniscal pathology, see Figure 2), and 1 had evi-
dence of possible post-traumatic avascular necrosis (with lateral
meniscal pathology). Common incident meniscal ﬁndings among knees
with accelerated KOA were complex, horizontal, or radial tears. One
knee with accelerated KOA but no self-reported injury had no evidence
of acute changes during the year they progressed from no KOA to end-
stage KOA.
Conclusions: Knee injuries that lead to accelerated KOA appear to be
characterized by structural damage that destabilizes and compromises
the function of the meniscus or compromises the subchondral bone.
Early detection of these lesions after a knee injury may be vital for
identifying individuals at risk for accelerated KOA.Figure 1. Flow Chart of Knee Selection Criteria.ĂFigure 2. Example of a knee with accelerated KOA and a self-reported
injury between the 0-month and 12-month visit. The knee developed a
subchondral medial femoral fracture, medial radial tear with moderate
extrusion, and moderate effusion.
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PREDICTION OF POOR OUTCOME BY A NOVEL IMAGING BIOMARKER
(ACTIVE SHAPE MODELLING) IN HIP OA PATIENTS
J.S. Gregory, R.M. Asdpen, D.M. Reid, R.J. Barr. Univ. of Aberdeen,
Aberdeen, United Kingdom
Purpose: Using a statistical shape model we have previously demon-
strated signiﬁcant changes in hip shape, captured by a change in mode
scores, over 12 months in an OA cohort. The aim of this study was to
assess whether baseline shape could predict 7 year progression to total
hip replacement. We also investigated the relationship between base-
line Kellgren-Lawrence grade (KLG) and 7 year hip shape.
Methods: In 2007 as part of the Aberdeen hip and knee study the
Grampian NHS Radiology Information System was used to identify 100
patients who had undergone bilateral hip or pelvic radiographs in the
previous 12 months. Each hip was assigned a KLG. Patients underwent a
bilateral hip Dual energy X-ray Absorptiometry (DXA) scan (iDXA GE
LUNAR). Using active shape modelling (ASM) (ASM toolkit Manchester
University, UK and Shape software, University of Aberdeen, UK) an 85
point statistical shape model was applied to each image capturing the
femoral head, neck, upper shaft, acetabulum and part of the pelvis.In
2014 these patients were recalled for a follow-up iDXA scan. In addition
information was gathered on total hip replacement (THR) outcome
since baseline.
The relationship between follow-up mode scores and baseline KLG was
tested by Pearson correlations and one-way ANOVAwith contrast (SPSS
v22). ROC curve analysis was used to investigate baseline mode score
prediction of THR (MedCalc).
Results: This current study extends the follow-up of this cohort to 7
years. 82/100 of the original cohort were invited for follow-up (the
remainder having died or moved from the area). 47 (57%) responded, 39
were eligible to attended for a follow-up iDXA scan, 4 were ineligible
due to existing bilateral total hip replacement or resurfacing and 4 were
willing but unable to attend due to imminent THR surgery.
Using the 7 year shape date the ﬁrst 10 modes accounted for 74.5% of
the variation. Correlations between baseline KLG and these 10 modes
revealed a signiﬁcant negative correlation between Mode 1, r¼-0.425,
Figure 1 Mean tibial position following ACL injury of the injured and
normal knees with the knee in full extension and 30 of ﬂexion. Tibial
position is calculated as the position of the posterior aspect of the tibia
relative to the epicondylar axis of the femur. * indicates p  0.0001.
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niﬁcant correlations between KLG and the remaining 9 modes. Mode 1
was also correlated with age (r¼-0.343, P¼0.026) as was mode 3 (r¼-
0.644, P<0.001).
ROC analysis combining baseline KLG with baseline Modes 2, 4 and 10
signiﬁcantly improved the prediction of THR at 7 years compared with
baseline KLG alone (AUC 0.913 vs 0.824 respectively, P¼0.021). Com-
bination of Modes 2, 4 and 10 only AUC¼0.816.
Conclusions: By combining hip shape captured by ASM with KLG we
can signiﬁcantly improve the prediction of disease progression to THR.
Figure 1 Mean year 7 Shape Model; Mode 1 (M1) score versus baseline
Kellgren Lawrence Grade (KLG).
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KNEE KINEMATICS FOLLOWING ACL INJURY ARE RELATED TO
SPECIFIC BONE SHAPE FEATURES
D.A. Lansdown, V. Pedoia, M. Zaid, K. Amano, R. Souza, X. Li, C. Ma. Univ.
of California, San Francisco, San Francisco, CA, USA
Purpose: Knee kinematics are altered following ACL injury, with an
anterior shift of the tibia and abnormal loading of the tibiofemoral
cartilage. These changes have been suggested to contribute to the
development of post-traumatic arthritis. The factors that contribute to
kinematic changes remain unclear, including the role of bone shape in
post-injury knee kinematics. The purpose of this study was to correlate
kinematic abnormalities in the ACL-deﬁcient knee, based on kinematic
MR imaging evaluation, with speciﬁc bone features as determined by
Statistical Shape Modeling. We hypothesized that speciﬁc shapes of the
femur and tibia could predict abnormal knee kinematics in the ACL-
deﬁcient state.
Methods: As part of a prospective, longitudinal evaluation of knee
kinematics and cartilage changes after ACL injury and reconstruction,
imaging data for 48 ACL-deﬁcient patients (29.5 ± 8.4 years, 24.1 ± 2.8
kg/m2, 27 female) were evaluated after an acute ACL injury and prior to
ACL reconstruction. Exclusion criteria included associated ligamentous
injuries, meniscal injuries with anticipated meniscal repair or
debridement > 20%, history of inﬂammatory arthropathy, or history of
surgery on either knee. T2-weighted FSE images (TR/TE ¼ 4000/49.3
ms, slice thickness 1.5 mm, spacing 1.5 mm, FOV 16 cm, 512x512 matrix,
ETL 9) were obtained of the bilateral knees using a 3 TMR scanner (GE
Healthcare, Milwaukee, WI) and an 8-channel phased array knee coil
(Invivo, Orlando, FL). Kinematic images were acquired with the leg
axially loaded through a pulley system, with the knee in full extension
and 30 degrees of ﬂexion. Semi-automatic segmentation was used to
deﬁne the tibia and femur. The femoral condyles were modeled as
spheres, and the tibial position relative to the femur was calculated in
both ﬂexion and extension. The side-to-side differences (SSD) in these
values were calculated (Injured e Healthy Knee) to account for within-
subject variability. Statistical Shape Modeling utilized the bony seg-
mentation in the extended position of each knee. The statistical shape
model is determined individually for the tibia and femur to remainindependent of knee position. A vertex-to-vertex correspondence
algorithm is utilized, based on the local curvature, and principle com-
ponent analysis is used to establish distinct features of the bone shape.
The ﬁrst 20 modes for the tibia and femur represent 90% of the varia-
bility of the bone shapes. Paired t-tests were used to compare tibial
position values for the ACL-deﬁcient knee and the healthy knee.
Spearman correlations were performed between the SSD in the tibial
positions for the ACL-deﬁcient group, in extension and ﬂexion, and the
speciﬁc shape features of the tibia and femur. Signiﬁcance was deﬁned
as p < 0.05.
Results: The tibial position for ACL-deﬁcient patients and control sub-
jects (Figure 1) was signiﬁcantly more anterior in both extension (1.82
mm; p<0.0001) and ﬂexion (1.70 mm; p¼0.0001). The SSD of the tibial
position in ﬂexion was signiﬁcantly correlated with multiple shape
features: Femur mode 10 (rho¼-0.49; p¼0.0004), Tibia mode 2 (rho¼-
0.33; p¼0.024), Tibia mode 19 (rho¼0.32; p¼0.026), and Tibia mode 20
(rho¼-0.31; p¼0.03). The SSD of the tibial position in extension was
signiﬁcantly correlated with Tibia 20 (rho¼-0.29; p¼0.046) only. Each
mode is related to a speciﬁc shape feature, with representations of these
related modes seen in Figure 2. Femur mode 10 is related to the
sphericity of the medial femoral condyle, with a more spherical medial
femoral condyle related to a more anteriorly-shifted tibia. Tibia mode 2
is related to the height of the medial tibial plateau. Tibia mode 19 shows
changes at the anteromedial aspect of the tibia, anterior to the tibial
footprint of the ACL. Tibia mode 20 is related to the anterior aspect of
the lateral tibial plateau.Figure 2. Speciﬁc bone shapes represented by Statistical Shape Modeling
modes for Femur 10, Tibia 2, Tibia 19, and Tibia 20, showing the states
